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We are living in a era of alarming increases in microbial resistance to currently available antibiotics, 23 
and there is a growing need for new pharmaceutical products to treat infectious diseases. The 24 
pomegranate is an edible fruit that has virucidal and antimicrobial activities which is primarily 25 
attributable to the high concentration of hydrolysable tannins. Punicalagin, a high molecular weight 26 
tannin (1084.7), accounts for approximately 70% of the total and is concentrated in the fruit exocarp 27 
(rind). It is the focus of much research, although it is prohibitively expensive to purchase which 28 
presents an obstacle to further exploitation and development. Here we describe a method for the 29 
isolation of punicalagin from pomegranate rind extract and total pomegranate tannins using an 30 
Agilent preparative mass-directed LC-MS single quadrupole ESI-API system, where the ionization 31 
was set as negative and the mass signal acquired in Single Ion Monitoring. Thanks to the automatic 32 
fraction collector, the method can be used in automatic mode and is capable of producing 33 
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1. Introduction 44 
 45 
We are currently living in an era of alarming and unprecedented increases in microbial resistance to 46 
our current arsenal of antibiotic drugs, and no new drugs have come onto the market in 30 years or so. New 47 
products are thus urgently needed [1, 2]. In addition, there is a clear predilection by patients for medicines that 48 
are of natural origin compared to synthetic drugs [3, 4].  49 
The fruit of Punica granatum L. (pomegranate) has been used as a healthy and healing fruit for many 50 
years. It has long been used in Middle Eastern and Chinese medicine for its antioxidant, anti-inflammatory [5] 51 
bactericidal [6] and virucidal [7] properties. The phytochemicals constituents of pomegranates include many 52 
chemical species including sugars, flavonoids, anthocyanin, tannins, [8] and can be obtained from  most  parts  53 
of  the  fruit  but  the  exocarp, or rind, has been shown  to  contain  the  highest  concentration  of  polyphenols. 54 
A major class of compounds is the hydrolysable ellagitannins of which punicalagin (2,3-(S)-55 
hexahydroxydiphenoyl-4,6-(S,S)-gallagyl-D-glucose) constitutes up to 70% [Figure 1]. It is a large molecule 56 
(MW 1084.71) and is comprised of 3 moieties: gallagic acid and ellagic acid linked via a glucose unit. The 57 
molecule naturally adopts one of two anomeric forms, ?and ?, depending on whether the glucose is in the 58 
boat or chair conformation, and the two exist in a 1:2 ratio under standard conditions. 59 
Ongoing research shows that punicalagin is primarily responsible for antimicrobial, anti-inflammatory 60 
and virucidal properties of PRE. The microbicidal activities of PRE and punicalagin have been shown to 61 
undergo significant potentiation when co-administered with metal ions, eg Zn (II) [9, 10]. Punicalagin therefore 62 
has potential as a therapeutic agent as outlined; however, it is very expensive to purchase (eg £217 for 10 63 
milligrams from one major supplier) which presents a barrier to further development, as substantial quantities 64 
are required to carry out the necessary pre-clinical drug development work.  65 
PRE is typically prepared from pomegranate rinds by extraction into boiling water [9] followed by 66 
centrifugation and filtration. The non-tannin components of PRE can be removed by column chromatography 67 
to yield concentrated total pomegranate tannins (TPT), for example using Amberlite XAD-16 resin. 68 
Punicalagin may then be isolated by column chromatography using a Sephadex LH-20 column which entails 69 
a complex gradient elution [11] or by countercurrent chromatography [12]. The methods typically used to 70 
isolate punicalagin thus require numerous time-consuming laboratory steps and lengthy sample preparation.  71 
Given the need for new antimicrobial molecules has arisen over recent years, fast and reproducible 72 
methods to isolate significant amounts of antimicrobial molecules has the potential to expedite the 73 
development of new therapeutic products. Mass-directed purification is a type of preparative LCMS in which 74 
the instrument may be set to collect column eluate upon detecting a pre-selected mass or mass range, once the 75 
chromatographic conditions have been established. These sophisticated instruments are available from a 76 
number of manufacturers including Waters and Shimadzu, although we have in our laboratory an Agilent 1260 77 
Infinity Automated LC/MS Purification System [13]. In the current work we describe a method for the isolation 78 
of high-purity punicalagin using this system. 79 
 80 
  
  4 
2. Materials and methods 81 
 82 
2. 1 Materials 83 
 84 
Amberlite XAD-16 (Alfa Aesar), LCMS-grade water and methanol were purchased from Fisher Scientific, 85 




2.2 Preparation of Pomegranate Rind Extract (PRE) 90 
 91 
The rinds from five pomegranates were cut in small pieces of approx. 2cm and blended in deionized water, 92 
25% w/v, before being boiled for 10 min and transferred to 50mL tubes and centrifuged 7 times at 5840rpm 93 
for 30 min on each occasion. The supernatant was then vacuum filtered through 0.45µm nylon membranes 94 
(Whatman, UK) to yield a clear dark yellow-orange solution which was then freeze-dried and stored  at  -20°C  95 
until required [14]. 96 
 97 
 98 
2.3 Preparation of Total Pomegranate Tannins (TPT) from PRE  99 
 100 
Based on a previously reported method [11] a glass column was  slurry-packed  with  50g  of  Amberlite  XAD-101 
16  resin  in  degassed  and  deionized  water.  This was then washed with methanol, followed by deionized 102 
water, and then was left overnight to equilibrate. A 2cm layer of sand was added to the top and the bottom.  103 
Freeze-dried PRE was reconstituted in deionized water at a concentration of 200 mg/mL and loaded onto the 104 
column.  Firstly, the water-soluble components were washed out using a copious amount of water, then the 105 
TPT fraction was eluted after washing with 70mL of methanol and collected.  This solution was then rotary 106 
evaporated using a Buchi instrument with the temperature set at 40°C and the vacuum at 50mbar. The TPT 107 
product was stored at 2-4 °C until further use. Analysis of the tannin-free fraction (section 2.4) confirmed that 108 
no tannins were present (data not shown). 109 
 110 
2.4 Analytical HPLC analysis of TPT 111 
 112 
The TPT was analysed using an Agilent 1100 system fitted with a Kinetex C18 150 x 4.6mm 5µm 100Å RP 113 
column (Phenomenex, Macclesfield, UK).  Based on a previous method [9] a gradient mobile phase was used 114 
composed  of:  solvent  A  H2O  +  0.1%TFA and  solvent  B: MeOH + 0.1%TFA. The gradient timetable 115 
started with 5%B, 0-3 min 10%B, 3-15 min 20%B, 15-20 min 40%B, 20-25 min 60%B, 25-27 min 5%B, 27-116 
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35 min 5%B. A 1 mg/mL sample in deionized H2O was prepared, the injection volume was 20 µL and the 117 
detection was performed at a wavelength of 258 nm with a UV detector.   118 
 119 
 120 
2.5.  Semi-preparative Isolation of Punicalagin using an LC-MS system 121 
 122 
The isolation was performed using a modular semi-preparative LC-MS ESI-AP single quadrupole system with 123 
automatic fraction collector (Agilent Technologies, Stockport, UK).  Waters X-Select CSH C18 OBD 5µm 124 
130Å columns were used:  firstly a 50 x 10mm scout column which was used to set up a reliable extraction 125 
method, then a 250 x 19mm semi-preparative column.  The solvents used were H2O (channel A) and MeOH 126 
(channel B); no mobile phase acidification was used. The separation was performed in Single  Ion  Monitoring  127 
(SIM)  negative  ionization mode,  with  a  capillary  voltage  of  4000V,  drying  gas  temperature  of 350°C 128 
and  gas  nebulizer  pressure of  32  psi [15]. The threshold of the automatic fraction collector was set at 2000. 129 
 130 
The gradient was scaled from the analytical method to be reproducible with these columns.  Firstly, the scout 131 
column method was converted from the analytical one, and a run was performed to check the reliability of the 132 
separation.  The sample was 100mg/mL in H2O and 300µL were injected.  Further runs were carried out to 133 
control the consistency of the separations.  The gradient used with this column started at t0 with 5%B, 0-0.38 134 
min 10%B, 0.38-1.80 min 20%B, 1.80-2-39 min 40%B, 2.39-2.98 min 60%B, 2.98-3.22 min 5%B, 3.22-4.16 135 
min 5%B.  Although even with this column was possible to isolate punicalagin, only low amounts were 136 
collected, so the method evolved to the big semi-preparative column.  The gradient for this column started 137 
with 5%B, 0-7.77 min 10%B, 7.77-33-36 min 20%B, 33.36-44.02 min 40%B, 44.02-54.69 min 60%B, 54.69-138 
58.95 min 5%B, 58.95-76.01 min 5%B. This sample load was 225mg in 1.5mL H2O. The flow rate for both 139 
the columns was 20mL/min.  Both manual and automatic collection were performed.  As already stated above, 140 
the threshold for the automatic collection was set above 2000. The samples obtained were then dried to yield 141 
the purified punicalagin; firstly, the methanolic fraction was evaporated using a Buchi rotary evaporator (50 142 
mbar, 50 °C), then the remaining solvent (aqueous) was removed by freeze-drying.     143 
 144 
 145 
3. Results and discussions 146 
 147 
As can be seen in the analytical HPLC chromatogram [Figure 2], the two anomers of punicalagin were well 148 
separated in the preparative LCMS method described.  The two main peaks α and β punicalagin eluted with a 149 
different concentration of solvent B and always tend to an approximate ratio of 1:2 ratio.  The peak at the end 150 
can be identified as ellagic acid, one of the   major  building  blocks  of  punicalagin. The analysis of the TPT 151 
was performed to prove the presence of punicalagin, so it was possible to proceed with the purification.  152 
Because of the differences in the stationary phase between the preparative and the analytical columns, the 153 
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chromatogram of the preparative HPLC doesn’t appear well separated, but thanks to the mass spectrometric 154 
collection triggering, it was still possible to isolate highly pure punicalagin. Figure 2 shows the plot of the run 155 
with the small scout column.  The vertical lines show the windows in which the punicalagin (alpha the first 156 
and beta the second) was collected; the ratio of the two isomers was found also in the mass chromatogram.  157 
 The analytical resolution of punicalagin utilises acidification, typically by trifluoroacetic acid (TFA) 158 
[9]. In LCMS the preferred acidifying reagent is formic acid as, compared to TFA, it tends not to leave behind 159 
residual molecules. However, we found that when the punicalagin fractions were evaporated to dryness, it was 160 
discovered that nearly all the punicalagin had degraded. This was attributed to the increasing acidity that 161 
accompanied drying as the acid was also increasing in concentration. Consequently, it was decided to omit 162 
altogether the formic acid to ensure greater stability of the punicalain, albeit at the expense of superior 163 
chromatographic resolution. 164 
The semi-preparative column report [Figure 3] shows a different HPLC chromatogram and a similar 165 
SIM chromatogram, probably due to the different sample loading in the two columns: in the small scout column 166 
it was closer to the optimal loading. In this case, even though both the little signals in the mass spectrum were 167 
slightly above 2000, the only fraction collected was the high peak at 22 min. For completeness, each fraction 168 
collected was re-run through the preparative LC-MS [Figure 4] to check the purity of the punicalagin, and all 169 
the signals detected were approximately the same: the differences represented the different grade of purity 170 
(average of >95% pure).  These tests were performed after 1 hour.  171 
The purity of the collected punicalagin product was determined by analytical HPLC [9]. Figure 5 172 
shows that 95% of the integrated areas (compared to the total areas) was accounted for by the punicalagin 173 
anomer peaks.  Interestingly, we attempted to collect individual anomers separately, by programming the 174 
instrument to collect at times corresponding to ?and ?punicalagin accordingly - it would be of interest to 175 
determine if the anomers give rise to differing biological (eg anti-microbial, anti-inflammatory) activities. 176 
However, even though collections were seemingly successful using the acid-free elution, it was noted that 177 
each ‘purified’ anomer reverted to the 1:2 ratio after drying, with β-punicalagin is the more abundant anomer 178 
at neutral pH [16]. 179 
 180 
4. Conclusions 181 
 182 
A rapid, reliable and automatable method to isolate punicalagin from TPT was developed using the 1260 183 
Infinity Automated LC/MS purification system. This facilitating the development work in order to bring to 184 
market new punicalagin-based antimicrobial products at a time of great need whilst avoiding large expenses 185 
to purchase it from suppliers. Work is ongoing to purify punicalagin directly from PRE, thus avoiding the prior 186 
concentration of TPT through Amberlite.  However, the TPT separation step is not onerous, and does provide 187 




  7 
Acknowledgments 191 
 192 







[1]  E. Crouch, L. Dickes, A. Kahle. Review on antibiotic resistance. Adv Pharmacoepidemiol Drug Saf 200 
2015, 4:3. 201 
 202 
[2]  V.K.Sharma, N. Johnson, L. Cizmas, T.J. McDonald, H. Kim. A review of the influence of treatment 203 
strategies on antibiotic resistant bacteria and antibiotic resistance genes. Chemosphere 204 
150 (2016) 702-714. 205 
 206 




 [4]  M.V. Seeman, N. Seeman, J.A. Cho. Worldwide preferences for natural remedies for “nervousness” 211 
and common colds. Journal of Psychiatry and Brain Science; 3 (2018) 1-11. 212 
 213 
[5] E.P. Lansky, R.A. Newman, Punica granatum (pomegranate) and its potential for prevention and 214 
treatment of inflammation and cancer, J. Ethnopharmacol. 109 (2007) 177–206. 215 
doi:10.1016/j.jep.2006.09.006. 216 
 217 
[6] G. Millo, Antibacterial inhibitory effects of Punica granatum gel on cariogenic bacteria : an in vitro 218 
Study, (2017) 152–157. 219 
 220 
[7] J. Lu, K. Ding, Q. Yuan, Determination of punicalagin isomers in pomegranate husk, 221 
Chromatographia. 68 (2008) 303–306. doi:10.1365/s10337-008-0699-y. 222 
 223 
[8] K. Subashini, Review of Phytochemical Screening for Pomegranate Peel Extract.pdf, (n.d.). 224 
  
  8 
doi:10.4010/2016.772. 225 
 226 
[9]  Houston DMJ, Bugert JJ, Denyer SP, Heard CM. Potentiated virucidal activity of pomegranate rind 227 
extract (PRE) and punicalagin against Herpes simplex virus (HSV) when co-administered with zinc 228 
(II) ions, and antiviral activity of PRE against HSV and aciclovir-resistant HSV. PlosOne, 0179291. 229 
 230 
[10]  D.M.J. Houston, J. Bugert, S.P. Denyer, C.M. Heard, Anti-inflammatory activity of Punica granatum 231 
L. (Pomegranate) rind extracts applied topically to ex vivo skin, Eur. J. Pharm. Biopharm. 112 (2017) 232 
30–37. doi:10.1016/j.ejpb.2016.11.014. 233 
 234 
[11] N. Seeram, R. Lee, M. Hardy, D. Heber, Rapid large scale purification of ellagitannins from 235 
pomegranate husk, a by-product of the commercial juice industry, Sep. Purif. Technol. 41 (2005) 49–236 
55. doi:10.1016/j.seppur.2004.04.003. 237 
 238 
[12] J. Lu, Y. Wei, Q. Yuan, Preparative separation of punicalagin from pomegranate husk by high-speed 239 
countercurrent chromatography, J. Chromatogr. B. 857 (2007) 175–179. 240 
doi:10.1016/j.jchromb.2007.06.038. 241 
 242 
[13]  https://www.agilent.com/en/products/liquid-chromatography/infinitylab-lc-purification-243 
solutions/infinitylab-preparative-scale-lc-purification-solutions/1260-infinity-automated-lc-ms-244 
purification-system (accessed 1 November 2018) 245 
 246 
[14] D.M.J. Houston, B. Robins, J.J. Bugert, S.P. Denyer, C.M. Heard, In vitro permeation and biological 247 
activity of punicalagin and zinc (II) across skin and mucous membranes prone to Herpes simplex 248 
virus infection, Eur. J. Pharm. Sci. 96 (2017) 99–106. doi:10.1016/j.ejps.2016.08.013. 249 
 250 
[15] V. Brighenti, S.F. Groothuis, F.P. Prencipe, R. Amir, S. Benvenuti, F. Pellati, Metabolite 251 
fingerprinting of Punica granatum L. (pomegranate) polyphenols by means of high-performance 252 
liquid chromatography with diode array and electrospray ionization-mass spectrometry detection, J. 253 
Chromatogr. A. 1480 (2017) 20–31. doi:10.1016/j.chroma.2016.12.017. 254 
 255 
[16] M. Kraszni, A. Marosi, C.K. Larive, NMR assignments and the acid–base characterization of the 256 
  
  9 









1. Chemical structure of punicalagin 266 
2. HPLC chromatogram of PRE 267 
3. LC-MS report of TPT using the Scout column 268 
4. LC-MS report of TPT using the Semi-preparative column 269 
5. LC-MS report of collected pure punicalagin 270 
